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Abstract 


Solar energy is the ideal energy source for us since it is green and readily 
available everyday! However, the current PV technology has a very low 
energy conversion efficiency, rectenna technology seems to be a very 
attractive alternative for this application. In this presentation, I start from the 
basics and our motivation to work in this area, and then the main challenges 
and the solutions we have proposed. It will show that the idea of using 
rectenna to harvest solar energy is indeed a good one, the difficulty is not just 
in the design but also in the fabrication, at the moment it is just a dream — 
cannot be realised. However, at RF/microwave frequencies, high- 
performance rectennas have been developed, our focus has been on high- 
efficiency broadband rectennas which can harvest wireless energy from 
mobile and WiFi networks efficiently. An example of using the rectenna for an 
IoT application is provided at the end to show the potential of the technology. 


Key words: antennas, energy harvesting, rectennas, wireless energy. 
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1. INTRODUCTION 


Comparison chart 








Energy 


Energy is the capacity to do work. 
Energy is power integrated over 
time. 


joules — watt-seconds 


W 


| left a 60W light bulb on for 30 
days, which raised my electric bill 
by 43.2 KWh (kilowatt-hours). 











Power 


Power Is the rate at which work Is 
done, or energy is transmitted. 


watt = joules/second 


P 


My cars battery can provide 500 
amps at 12 volts, which equals 
OKW of power. 
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POWER VS. ENERGY 


Wireless Energy Harvesting (WEH)? 
Wireless power transfer (WPT)? 
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. Wind Energy 


. Hydrogen Energy 

. Tidal Energy 

Wave Energy 

. Hydroelectric Energy 
. Blomass Energy 
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. Nuclear Power 
10. Fossil Fuels (Coal, Oil and Natural Cas) 
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ENERGY SOURCES 


Geothermal Energy Where is the wireless energy? 


21/02/2019 09:05 


8 
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_ 
RECTENNAS 


| The main attraction: 
e What is a rectennae Possible high efficiency 


It is a combination of rectifier and antenna, and an impedance 
matching network and DC pass filter may be required. 
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Impedance transformation 
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——_ Bandstop filter for 7.35 GHz 





| *—— Bandstop filter for 4.9 GHz 


Lowpass filter 


4— ———— — Schottky barrier detector diode 
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AN EXAMPLE: DUAL-BAND (2.45 & 5.8 GHZ) 





[Suh & Chang, 2002] 
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MEASUREMENIS AND VALIDATION 
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EE 
RECTIFIER DESIGN 





* The desired rectifier, To convert AC current to DC current flowing in one 
direction, should have 


* Broad bandwidth 
* High-efficiency 
* Full-wave rectification 


e Conventional diodes cannot work above THz, new diodes, such as MIM or 
MIIM, are required 
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I 
OUR INITIAL APPROACH 


e A team with all required expertise (in antennas, rectifiers, integrated 
circuits, nano-fabrication, optical and THz engineering and 
measurements) was formed in 2009. 






* Some computer simulation was done. 


* We aimed at developing a demonstrating rectenna array, working 
about 200 THz (1500 nm) - this represents the solar energy in far 
infrared region, with a target efficiency of 1%. 
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POSSIBLE ADVANTAGES AND 
CHALLENGES 


* Much higher efficiency than the current technology - no 
fundamental limit. 


* May be used in day time and night time (infrared) if the 
bandwidth is made large enough as proposed 


* Cost effective: they can be made using just metal and 
dielectric materials. 


e This is a completely new subject area and no one has done 
It successfully before. 


* Design, fabrication and test all are challenging. 


* The cost for the development is not cheap — funding is 
required. 


“e UNIVERSITY 


& [IVERPOOL”? [02/2019 09:05 17 





















A RECTENNA ARRAY 


e This design meets most ta 
of the desired specs, but 
to be simulated, Tuned, 
fabricated and tested. 





Top view 
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Can we get energy from the 
ambient wireless signals ? 
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THE IDEA 
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DESIGN CONSIDERATIONS 





e Bandwidth and efficiency : as large as possible for more energy 


* Polarisation: dual polarisation for more energy 


* Size: as small as possible 


e Cost: as little as possible 
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CHALLENGES 





UI Difficulties in making If broadband or multiband 
A Low conversion efficiency @ ambient power level 
J Strong nonlinear effects (e.g., load variation) 


LI Complex structure In general. 
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UI Difficulties in making If broadband or multiband 


A Low conversion efficiency @ ambient power level 
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OUR DESIGNS 


No 1. High efficiency low power broadband rectenna 


New cross-dipole with a band rejection filter 











 4— Cross dipole antenna 


= = == T Se E 
Mr nai er 


T FR4 substrate 
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E ——— = Feeding line 
A Ground plane 


Duroid5880 substrate 
32 x 32 x 1.575 mm? 


ma - pd 5 d z E = — Rectifi er 
Via hole 





€ C. Song, Y. Huang et al., "A high-efficiency broadband rectenna for ambient 
wireless energy harvesting," IEEE Trans. Antennas Propag, May 2015. 
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Antenna 


Matching 
circuit 


Antenna 


circuit 


Fig. 3. Configuration of a conventional voltage doubler rectifying circuit. 





Fig. 2. Configuration of a conventional single series diode rectifying circuit. 








New rectifier 


Matching 


— " Circuit 1 


Matching 
Circuit 2 


Fig. 4. Configuration of the novel full-wave Greinacher rectifying circuit with 
two-branch impedance matching circuit. 
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RESULTS 
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J Strong nonlinear effects (e.g., load variation) 
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III, Antenna 


Input o rectifier 


A special section for reducing the 
impedance mismatch vs. load impedance 
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THE DESIGN 





Ultra wideband CP antenna 
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RESULTS 
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o TEM 
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__ To rectifier 
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CHALLENGES 


1 Complex structure of the design 
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THE DESIGN 





No 4. Matching network elimination for broadband 
rectennas 


High impedance antenna 


Antenna 
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Song, C., Huang, Y., Zhou, J., Carter, P., Yuan, S., Xu, Q., & Fei, Z 
“Matching Network Elimination in Broadband Rectennas for High- 


Efficiency Wireless Power Transfer and Energy Harvesting." IEEE Trans 
on Industrial Electronics, 64(5), 3950-3961. 2017 
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RESULTS 


Broadband & high efficiency 
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RESULTS 


Reduced nonlinear effect vs. 
load variations 
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Matching Network Elimination in Broadband 
Hectennas for High-Efficiency Wireless Power 
Transfer and Energy Harvesting 


Chaoyun Song, Yi Huang, Senior Member, IEEE, Jiafeng Zhou, Paul Carter, Sheng Yuan, 
Qian Xu, and Zhouxiang Fei 


Abstract—Impedance matching networks for nonlinear |. INTRODUCTION 
devices such as amplifiers and rectifiers are normally very | | sa i i vs 
challenging to design, particularly for broadband and multi- MPEDANCE matching is a basic but crucial concept in elec- 
band devices. A novel design concept for a broadband _tronics and electrical engineering, since it can maximize the 
high-efficiency rectenna without using matching networks power transfer from a source to a load or minimize the signal 
is presented in this paper for the first time. An off-center-fed .efiection from a load. In the wireless industry today, there have 
dipole antenna with relatively high input impedance over a Boen ai bue ae 
wide freauencv band is proposed. The antenna impedance "SSP Many dEVICES (SUCN AS OSCTHALOTS, INVETETS, AMP HETS, Tec 
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Wireless sensors Wireless link/gateway End users 
Powered by wireless energy 
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A DEMO SYSTEM IN ACTION 


To monitor Liverpool city environment wirelessly for 3 years 
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SITE PICTURE: BROWNLOW HILL 
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AN 
WEH VS. WPT 





« Broad band vs. narrow band 


+ Lower power vs. higher powe Recelve Convert Utilize 


* Receiver vs. transcelver (EN Broadband 


Rectenna 
e Different applications 


Broadband Matching | RF-to-DC 
Antenna Network Rectifier 





e The same device - rectenna 
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4. CONCLUSIONS 


1 We have developed a range of broadband rectennas for WEH 
LJ with enhanced conversion efficiency at low power levels 
Qd with reduced load effects and impedance matching 
LI Matching network elimination towards simplified and efficient 
broadband rectenna designs 
LI An example for loT application has been given. 
IJ Two novel designs for power line magnetic field energy harvesting 


have been given. 
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* How to increase the harvested energy? 


* Rectenna array: what is the best combination scheme? 


e How to improve efficiency for different powers, freq. and loads 
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